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This invention relates to physiological optics 
and more particularly to a method and appara 
tus for demonstrating and testing visual percep 
tion of space. 
The invention is based on new discoveries con 

cerning the factors that determine the visual 
perception of our three dimensional spatial en 
vironment, more particularly the discovery of new 
facts concerning the nature and relationship of 
the factors that affect spatial localization in 
monocular and binocular Vision. 
The “tipping ?eld” test disclosed in Patent No. 

2,168,308 is based on the comparison of predom 
inantly stereoscopic space perception with so 
called perspective perception or with the kines 
thetic sense of localization. However, this pre 
viously described test employs test patterns ex 
tending preponderantly in one plane and, al 
though it is very valuable and su?icient for many 
purposes, it reproduces only ‘a particular aspect 
of the conditions experienced in actual visual 
space perception and, hence, is not suited to dem 
onstrate or test fully all pertinent phenomena 
of such perception. For example, this previous 
test employs only one pattern or object inducing 
preponderantly stereoscopic space perception, 
whereas it was later found that comparison of 
two or more binocularly viewed test pattern com 
ponents, or objects of similar character is often 
valuable in addition to comparison of space per 
ception from di?erent types of clues. 

It is one of the main objects of the present in 
vention to control the factors that determine 
spatial localization and sense of con?guration, 
namely the shape of the stimulus patterns in one 
or both eyes, the di?erences or disparities be 
tween stimulus patterns in both eyes and the 
clues which give information as to the actual size 
and form of objects, and with the aid of such 
control to demonstrate the nature of space per 
ception, to test it for the purpose of deriving 
ocular correction of faulty space perception, and 
arti?cially to reproduce spatial environment with 
controlled variations of the above factors. 
Other objects are methods of demonstrating, 

detecting and measuring the e?ects on space 
perception of the above factors, of the lack of 
one or the other of these factors, and of incon 
sistencies therebetween, and to provide methods 
for isolating one or more of these factors for the 
purpose of demonstrating or testing their nature, 
mutual relation and effect upon vision. 
Further objects are to provide apparatus for 

demonstrating and analyzing the mechanism of 
visual space perception, for deducting the effects .. 
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of certain physiological phenomena or ocular 
variations or de?ciencies upon space perception 
and vice versa, and for purposely introducing 
such e?ects into arti?cially simulated represen 
tations of visually discernible environment. 
In one aspect of my invention I provide a test 

of binocular vision which permits the investiga 
tion of space perception under conditions simu 
lating the objective ?eld actually surrounding an 
individual, and not only of a selected more or 
less limited portion of that ?eld. In another 
aspect, I provide a method, and apparatus, for 
testing ‘binocular vision by comparing the simul 
taneous perception of at least two test objects of 
selected characteristics alone, or in combination 
with test objects of different nature. Another, 
correlated, object of my invention is to provide 
a comparatively simple test object, inducing 
space perception substantially only through pat 
tern disparity, and which can be used either 
alone or together with other test objects, for 
carrying out ocular tests. In still another aspect, 
the invention provides objects or models espe 
cially suited for demonstrating and testing the 
shifting, under certain conditions, of the station 
point of an observer. ‘ 
These and other objects, aspects and features 

of the invention will be apparent from the fol 
lowing detailed description of several practical 
embodiments thereof by way of illustrating its 
genus. This description refers to the drawings 
in which: ' 

Fig. 1 is a diagram illustrating the processes of 
visual spatial interpretation; ' 

Figs. 2, 3 and 4 are diagrams of monocular 
spatial interpretation; 

Figs. 5 to 9 are diagrams of binocular spatial 
interpretation; 

' Figs. 10 to 14 illustrate several types of pat» 
tern disparity; 

Figs. 15 to 18 illustrate the station point shift; 
Figs. 19, 25 and 30 are perspective front views 

of testing arrangements according to the present 
invention; 

Figs. 20, 26 and 31 are sections on line 2G—-2€}, 
2B-—26 and 3l—3l of Figs. 19, 25 and 30, respec 
tively; 

Fig. 21 is :a detail longitudinal section of a test 
target support which may be used with appara 
tus shown in Figs. 20, 26 and 2'7; 

Figs. 22, 23 and 24 are top view with the sheet 
removed, side elevation, and top view, respec 
tively, of a test target shape adjusting device; 

Fig. 27 is a side elevation, partly in vertical 



2. 
cross section, of an embodiment of the invention, 
employing a head shield; 

Fig. 28 is a section through a modi?ed target 
table according to Fig. 26; 

Fig. 29 is an isometric view of an embodiment 
of the invention employing series of parallel 
wires; 
Fig. 32 is a top view of another embodiment of 

my invention; 
Fig. 33. is a side elevation, partly in section, 

corresponding to Fig. 32; 
Fig. 34 is an isometric front view of one em 

bodiment of the instrument according to my in 
vention; 

Fig. 35 is a back view~corresponding to Fig. 34; 
Fig. 36 is a detail section on line=36-35 of 

Fig. 35; 
Fig. 37 is a schematioal plan of a- testing unit 

for projected test objects; and 
Figs. 38 and 39 are views of slides for use in 

the arrangement shown in Fig. 3'7. 
An understanding of the present invention re 

quires some familiarity with certain concepts of 
visual space perception which are to some extent 
explained in the above-mentioned patent, but 
which have been considerably enlarged and clari 
?ed by extended investigations and experiments. 
These concepts will ?rst be shortly explained as 
far as relevant to the invention, with reference 
to Figs. 1 to 39. 

(I) Visual space perception. ingeneral 

Perception-of the‘ location and-con?guration of 
objects in space relatively’ to 'the'observer and to 
each other is possible ‘due to information con 
cerning the objective world. This information is 
of two types: that which is being immediately re 
ceived from the objective world in the form of 
visual values; and that which'has been received 
in the past in the‘form of experiential, including 
visual, values. 

(A) Immediate 'perceptz'on.—'The immediate 
information is transmitted from the ‘objective 
world to consciousness in the following manner. 
From every point in the “objective ?eld” radi 
ations are being projected inall directions; the 
welter of visible radiations is differentiated by the 
aperture of an eye. This aperture, as repre 
sented by the lens system‘LR, indicated in Fig. 1, 
directs all the radiations that originate from a 
particular point of the r\bjective ?eld 0F at an 
other particular point on the image plane of ‘the 
eye ER. All of these conjugate image points 
taken together constitute a dioptric image DR of 
the objective ?eld. This is of course true for'the 
left eye EL as well as for the right eye' ER. 
This dioptric image constitutes an “external 

stimulus pattern” on the retina whose'points have 
the potentiality of being differentiated due to 
their spatial distribution and their'distinction in 
respect to wave length and amplitude of radi 
ation. 
The external stimulus pattern, which in itself 

can not be said to have color, brightness and 
spatial relationships (these being sensory re 
sponses), affects the “receptor processes” of the 
retina as indicated at RR of Fig. l. The elaborate 
apparatus of rods, cones, nerve cells and branch 
ing connections converts the impinging light 
energy into electric potential by innumerable re- — 
ceptor processes. The discrete receptors are con 
nected to the brain by individual transmitting 
nerve ?bers, the nature of the impulses that pass 
along the nerve ?bers being most likely the same 
for all types of stimuli. The totality of the " 
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stimuli transmitted through the receptor proc 
esses to the brain may be referred to as “cortex 
pattern”; like the stimulus pattern, it has the 
potentiality of being differentiated as to spatial 
‘distribution and radiation characteristics. The 
‘quality of the conscious sensation such as color 
and brightness or direction, distance and form is, 
however, due not to inherent characteristics of 
the stimuli to the brain, but to the associations 
evoked in consciousness when particular connec 
tions in the “central processes” are stimulated. 

(B) Memory vaZues.—As a further factor in the 
process of perceiving the objective ?eld, the store 
~ofpast experiences must be considered. This 
"store or'memory can be assumed to contain vari 
ous “memory values” which are brought to con 
sciousness by the external stimulus pattern in 
duced “by the immediately perceived objective 
?eld. Whatever it is in the organism to which 
the visual values have meaning and Which may 
be taken as conceiving the objective ?eld, and 
which for convenience may be called the “ego” 
selects and combines the various memories of past 
visual experiences as they are being brought to 
consciousness by the external stimulus and cortex 
patterns of the immediately perceived external 
World, and- co-mposes them into the subjective 
patterns which is what-we actually see. 

(0) ‘Subjective image-This vinteraction be 
tween the external stimulus and cortex patterns 
received through thereceptor and central proc 
esses brings into being two monocular and a bi 
nocular “subjective image”, these images being 
indicated at SI of Fig. 1. 'A “subjective monocu 
lar image” is the integration of ‘the stimulations 
received through one eye with the memory values 
as aifected by the selective processes of the 
“ego’l’ythis concept will herein be referred to for 
short as “ocular‘image” and corresponds to the 
ocular image de?ned for example in the above 
mentioned-Patent No. 2,168,308. The “subjective 
binocular image” is the integration of‘ the stimu 
lations from the two ocular images with the 
memory values, and will herein be referred ‘to as 
“subjective image.” This is what we see and, so 
to speak, project out intothe objective ?eld from 
an “observation center” 00. 
The nature‘of the above-mentioned‘subjective 

image may be better understood by comparing it 
with concepts of tactual perception. In monocu 
lar vision, the external stimulus patterns them 
selves of vision, as well as touch, are inherently 
indeterminate with regard to the observation cen 
ter, but assigned particular location values rela 
tively to that center through proprioceptor proc 
esses. The tactual external stimulus pattern is 
primarily assigned to a ?ngertip, for example, 
and given direction and distance relatively to the 
observation center through the propioceptor proc 
esses ‘in the muscles of body and arm. The vis 
ual external stimulus pattern is primarily as 
signed to a point of the retina and given direc 
tion relatively to the observation center through 
the proprioceptor processes in the extrinsic eye 
muscles. The diiferences between tactual and 
visual perception are also enlightening. Whereas 
the tactual sense ordinarily can not reach be 
yond the skin, the visual sense reaches out into 
space so to speak with the projected light rays as 
wands; on the other hand, the rudimentary sense 
of touch gives in addition to the direction also 
the distance, whereas the rudimentary visual 
sense gives a directional value only; further, the 
sense of touch does not easily differentiate rela 
tive directions of stimulus pattern components, 
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whereas the visual sense is very sensitive in di 
rectionally di?erentiating such components, as 
will be explained more in detail hereinafter. In~ 
deed, the highly developed innate association of 
exact relative directional values with particular 
points of the retina is the basis of our visual 
spatial localization. 

(II) Monocular spatial interpretation 

The subjective image from one eye can be con 
ceived of as projected by a great number of lines 
radiating from the observation center of that 
eye. While the “relative directional values” cor 
responding to the angles subtended by these lines 
at the observation center are very exactly given, 
they furnish no basis for assigning to the vari 
ous parts of the subjective image either “abso 
lute directional values” related to the observer 
as a reference system or “distance values,” which 
together could provide “form values” character 
istic of the components of the objective ?eld. Be 
fore such absolute directional and distance values 
and hence form values can be assigned to a visual 
sensation, further clues are necessary. 
The extent to which the relative directional 

values of monocular vision can, together with 
other clues, furnish absolute directional, distance 
and form values will now be discussed. 

(A) Relative directional values-As indicated 
in Fig. 2, the component objects A, B and C, D 
of the objective ?eld are by the lens system L 
of the eye E imaged at a, b, c and d. These im 
ages impinge on the receptors in the retina at 
al, bl, cl and dl. Sensory impulses originating 
at al, bl, cl and all travel along their special 
nerve tracts to particular brain elements and 
constitute a cortex pattern indicated at a2, b2, 
c2 and d2. As a result of the activities of these 
particular centers correspondingly particular rel 
ative directional values are assigned to the sub 
jective ocular image which is experienced or seen 
as if projected out into space from an observa 
tion center P in the eye with these particular rel~ 
ative directional values. These relative values, 
as the name implies, while giving de?nite clues 
as to the angular direction of each ocular image 
component to the other, give no information for 
assigning absolute directional values. The sub 
jective image would be the same no matter where 
the objects were located in space as long as the 
eye was turned toward them. Before conscious 
ness can assign absolute directional values to the 
pattern of the image it must have information 
as to the direction in which the eye is pointing. 

(B) Absolute directional vaZues.—When the eye 
moves in its socket the receptor processes move 
across the external stimulus pattern which is rel 
atively ?xed, as a finger is moved over an ob 
ject stimulating the receptor processes at the end 
of the ?nger which alone do not give rise to an 
absolute directional value. Similarly, this stimu 
lation of the receptors of the retina alone does 
not give absolute directional value, which, as al— 
ready mentioned, could only be derived from the 
proprioceptor process in the external eye muscles, 
just as absolute tactual direction values are sup 
plied by proprioceptor processes in the arm and 
trunk muscles. However, these kinesthetic clues, 
while giving information as to the approximate 
position of the eye in its orbit, do not determine 
it absolutely and hence absolute directional values 
are not provided by monocular vision, although 
such values are present to some more or less ap 
proximate degree. This presence is, in addition 
to clues derived from the external eye muscles, 
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perhaps also due to clues derived from variations 
in the position of the dioptric image relative to 
the retinal receptor processes arising from the 
fact that the nodal point and the center of turn 
ing of an eye are not located at the same place. 

(C) Distance values.—Although, with the aid 
of kinesthetic clues approximate absolute direc 
tional values can be assigned to every part of a 
subjective monocular image, these directional val 
ues can not furnish clues for assigning particu 
lar distances to the various parts of the subjec 
tive image. For instance, it is apparent that a 
projected image, such as AB (Fig. 2) would sub 
tend the same directional values whether it was at 
EF or GH, or at any other distance in the cone 
G, P, H. De?nite distance values can be assigned 
to the various parts of the image only if the ap 
proximate absolute directional values are sup 
plemented by knowledge of the inherent nature 
of the objects that gave rise to the image, and by 
the relative directional values in the image. These 
together provide the “monocular depth clues.” 
The knowledge concerning the inherent natu 

ral characteristics of the objects themselves 
(such as their actual size, form, color, brightness) 
comes from the information that is stored in the 
mind from former experiences with objects of 
similar nature, as viewing them more or less 
closely from all points of view and perhaps touch 
ing them. From all of this information syn 
thetic symbols (the above discussed memory 
forms of all past experiences with such objects) 
are created, in the totality of which exists our 
complete past experience. As indicated above, 
the cortex patterns have the potentiality to 
awaken certain groups of these memory values; 
the particular memory values out of these groups 
that come to consciousness are determined by 
the particular selective processes in operation 
which in turn are determined by importance 
and motivation reactions (ego) of the organism. 
It is these synthetic abstractions which are 
brought to consciousness by the external stimu 
lus pattern. > 

This synthetic abstraction is characterized by 
particular memory values of size, form, color and 
brightness, and the stimulus pattern has in it 
the power to give rise in consciousness to these 
memory values which, in combination with the 
relative and absolute directional values immedi 
ately given by the stimulus pattern furnish a 
basis for assigning particular distance or depth 
values to the various parts of the pattern. 
The monocular cortex pattern which makes 

the connections with the memory values may be 
functionally classi?ed as derived either (1) from 
characteristics of a particular portion or com 
ponent of the stimulus pattern, or from (2) char 
acteristics of one such portion as compared with 
another one, or (3) from parallax due to relative 
movement of various portions, or (4) from kin 
esthetic phenomena arising in the eye muscles. 

(1) Any characteristic which changes with 
variations in the distance and position of the 
pattern component or object will give clues for 
assigning absolute distance to the stimulus pat 
tern. Such characteristics of the pattern com. 
ponent are size, color, detail, including sharp 
ness of edge, and aberrations, including color of 
the edges. The reliability of these clues is not 
very great since they depend not only on absolute 
memory Values of the objects giving rise to the 
images, but also upon atmosphere and other con 
ditions subject not only to variation but misin 
terpretation; in comparison, the characteristic 
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of. “form or con?guration”. plays a more. im 
portant role. If a particular memory value is 
assigned'to a pattern component, particular rela» 
tive distances will be assigned to its various parts. 
For instance, if a pattern portion is interpreted 
as a tab-1e top, the knowledge of form will give 
information as to the distance of objects on the 
table top. Illumination and shadows which sup 
ply information as to the nature of forms, play 
an important role. 

(2) A comparison of the above-named char 
acteristics of two pattern components in the ocu 
lar image will give clues for assigning relative 
distance values to the components. Of these, by 
far the most important are the clues derived from 
the comparison of the relative sizes of image com 
ponents as given by relative directional values. 

Referring again to Fig. 2, the relative angular 
size of the cortex pattern components a2, b2 and 
c2, d2 is de?nitely determined, as above pointed 
out. If memory values of the relative size of the 
objects AB and CD that gave rise to these com 
ponent patterns are available, there exists a basis 
for assigning de?nite relative distance values to 
the two components. For instance, if the angu 
lar size of the component a2, b2 is twice that of 
02, d2 and if it is known that the objects are 
two men of the same height, then de?nite clues 
exist for seeing the component 02, d2 twice as 
far away as the component a2, 172, although they 
do not give a basis for assigning absolute dis 
tance values. 

Differences in color, detail and edges of the 
pattern components and their overlay also give a 
basis for assigning relative distance values, but 
as these characteristics are not as de?nitely cor 
related with diiferences in distance as is the size 
of the image, they are not as reliable. 
The term generally used to describe this type 

of interpretation is “perspective.” 
Interpretation of memory values due to per 

spective clues of the stimulus pattern can be de 
?ned as the assigning of relative distance values 
to various subjective image components on the 
basis of differences in the size of these image 
components induced by different objects whose 
nature is known. 
That ‘by far the most effective clues for assign 

ing distance values to the visual impressions re 
ceived from one eye, are those that are derived 
from the comparison of the sizes and shapes of 
stimulus patterns of objects whose nature is 
known, can be demonstrated by the visual ex 
perience that results from observing arti?cially 
constructed object ?elds containing well known " 
objects of abnormal size and shape. 
An example of such a structure is a “distorted 

room” as shown in Figs. 3 and ‘i. 
This room is so constructed that, at a station 

point P at one-third of the distance from the 
right to the left wall, its corners subtend the same 
angles as would the corners of a rectilinear room 
at a station point P’ at a point in the center 
etween these side walls, so that angle 1" will be 

equal to r’, s to s’ and t to t’, as indicated with 
dotted lines in Fig. 3. 
When such a room is observed monocularly 

from the station point P it will appear rectilin 
ear. The sides f, e and h, y will appear the same 
size and distance, the floor and ceiling horizontal 
and the back wall normal to the observer; it will 
appear just as if one were observing a rectilinear 
room from the station point P’. 
The reason for this illusion is that we will as 

sign equal distance values to objects subtending 
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the same visual angles if we believe them to be 
of the same size. 
The eifectiveness of this type of clues, which 

will herein ‘be associated with the word “form,” 
is evidenced by thefact that the above illusion 
can not ‘be destroyed by kinesthetic, parallax, 
convergence or accommodation clues, by shadows 
or any other clues arising from monocular vision. 

(3) A relative movement of the pattern com 
ponents in one eye may result from either move 
ment of the head, movements of objects in space, 
or a movement of the eye in its socket. 
With a lateral movement of the head all ob 

jects in space move at different rates, depending 
upon the relative distances of the objects that 
give rise to the pattern. From the relative rates 
of movement very de?nite distance values can be 
assigned to the various components. When the 
observer is stationary and the objects move, the 
movement of the dioptric images from near ob 
jects is greater than that from more distant 
ones, provided the actual movement of the objects 
is the same. With the turning of the eye in its 
socket a simliar relative movement of the im 
ages of objects at di?‘erent distances takes place 
as it does when the head is moved, though more 
complicated in nature. This is due to the fact 
that the center of turning of the eye is displaced 
back of its nodal point. 

(4) Accommodation and convergence or re 
laxation and divergence of the eye gives indica 
tions as to whether the object looked at is near 
or far. 

(III) Binocular spatial interpretation 

The clues to space perception that result from 
using the two eyes together, that is, binocular 
vision, will now be considered. 
The basic diilerence between monocular and 

binocular vision is that, while monocular vision 
has but one external stimulus pattern, in binoc 
ular vision there are two such patterns which, 
due to the separation of the eyes, are different 
because with a given distribution of objects in 
the objective ?eld diiferent stimulus patterns 
will be formed in the two eyes; the word “dis 
parity” will herein be used to connote this rela 
tive di?erence. 

(A) Binocular localization of the objective 
?eld-As was pointed out in the above discussion 
of monocular vision, very exact relative direction 
al values are assigned to every part of the subjec 
tive image (ocular image) of each eye. It fol 
lows that equally exact directional values can be 
assigned to each particular part of an ocular im 
age relative to particular parts of the ocular im 
age of the other eye; in order to illustrate this 
concept, the conventional deduction therefrom 
will ?rst be discussed with reference to Fig. 5. 
The external stimulus pattern gr, hi‘, k1" in the 

right eye from the objects G, H, K, gives through 
receptor processes grl, hr], lcrl rise in the brain 
to cortex pattern value 707‘2, hrZ, gr2; and through 
the left eye 1012, M2 and 912. The relative di 
rection in which the patterns lcrZ, hr2 and W2, 
and 7012, 7112 and glZ, respectively will be seen is 
definitely determined by the particular brain con 
nections affected by the respective stimuli. 
The angular relationship between the direc 

tions in which M2, M2 and 91-2 will be projected 
from the nodal point N2" of the right eye is such 
that the angles G N?‘ H and H NT K remain con 
stant; that is, the stimulations from the objects 
G, H and K must always be seen in the same 
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characteristic relative directions no matter how 
the eye turns. The same is true of the stimuli 
received from the left eye 1e52, M2 and gl2, which 
will always be seen in the characteristic relative 
directions determined by the angles GNI H and 
H NI K. . 

Not only does the ratio of the two angles asso 

5 
points. It is apparent that if they were moved 
vertically right or left, up or down, or forward 

_ and back, they would subtend different angles to 

ciated with each eye remainconstant, but the , 
angles from one eye have a ?xed relationship 
to those in the other which will continue to hold 
no matter how the eyes are turned. If we as 
sume a de?nite position in space such as H at 
which the two directional values M2 and mr are 
projected, then the stimulations k1‘2 and kl‘: 
(granting they are similar in form) will be in 
terpreted as one object at K and nowhere else. 
And the stimulation gZ2 and gr2 (granting they 
are similar in form) will be interpreted as one 
object at G and nowhere else. ' 

It is apparent that objects in other positions 
than G and K, say at V and W, would give rise 
to stimulations with characteristically different 
directional values which would require assigning 
to them other particular unique positions in 
space. 
The above is a brief exposition of the accepted 

explanation of depth perception with binocular 
vision. 

In past investigations in this ?eld it has been 
assumed that the directional values associated 
with corresponding retinal points on the two 
foveae intersect at some particular point in space 
and it was further assumed that, with such a 
point in space as an origin, the spatial locations 
relative to that origin of other stimulations with 
particular disparities could be accepted as being ‘ 
determined. This gave a basis for accurate rela 
tive localization, but failed to disclose a basis 
for the absolute localization that actually exists. 
There is, in fact, no ground for assuming an 

absolute localization for any two directional 
values. The only clues which could indicate that 
the directional values associated with the two 
foveae are referring to a particular point in space 
are the inaccurate . kinesthetic clues from the 
extrinsic muscles that give information as to the 
direction in which the two eyes are pointed. 
There is nothing in the visual clues from a single 
point object that alone indicates its spatial posi 
tion. They could be satis?ed by a point any 
wherein space. 
However, the binocular clues derived from more 

than two points do give a basis for absolute lo 
calization. 

It can be mathematically shown that, if the 
objective ?eld consists only of three points there 
exists a basis for absolute localization if they re 
main in their plane; there are, however, other 
positions where they would give the same direc 
tional clues. For example, points G’, H’, K’ in 
Fig. 5 subtend at the nodal points the same angles 
as those subtended from points G, H, K and will 
therefore stimulate the same subjective image as 
points G, H, K. 
Mathematical analysis shows further that the 

particular angular relationship to the two eyes 
of four discrete object points is unique. That is, 
the angular relationships would be di?erent if 
the four points were located anywhere else, apart 
from that locus of position that would result from 
rotating the points about an axis passing through 
the centers of the two eyes; this condition will be 
considered later. 
For instance, assume in Fig. 5 that G,>H were 

two vertical lines of the same length instead of 
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the two eyes. If they were moved into the two 
points G’, K’, the horizontal angular conditions 
would be satis?ed but it is apparent that the ver 
tical angle subtended to the right eye, for ex 
ample, by a line at G’ relative to the vertical 
angle subtended by a line of the same length at 
K’ would be greater than if the two equal lines 
were at G and H. I 

The above-mentioned locus must, however, be 
particularly considered. It is apparent that, 
geometrically, no matter how complicated a group 
of objects might be, clues derived from the two 
eyes can give no basis for unique localization in 
that area in space which is determined by rotat 
ing this object group around an axis through the 
centers of rotation OZ and Or of the two eyes. 

Physiologically, however, such an area of unde 
termined localization does not actually exist. It 
is well known that the cyclotorsion of the two 
eyes of a person with normal vision varies sys 
tematically with the direction and distance of 
gaze. The excyclotorsion increases when look 
ing up and in near vision, and decreases with 
distant vision and looking down when it turns 
to incyclotorsion. As a result, characteristic 
visual clues in terms of “cyclo disparity” are as 
sociated with every particular direction in the 
vertical meridian at which the eyes are looking. 
Another physiological function of the eyes pro 

duces changes from near to distant vision, 
namely, the ~so-called asymmetric disparity 
(“Haring-Hillebrandt”) horopter deviation. As a 
result, visual clues in terms of “asymmetric dis 
parity” are associated with every particular dis 
tance at which the eyes are looking. 
The above discussed geometrically exact space 

perception clues resulting from the disparity of 
the directional values from each eye together with 
those derived from variations in functional cyclo 
disparity and asymmetric disparity give a basis 
for absolute localization; that is, any real object 
consisting of more than two points will produce 
unique visual clues which can be interpreted as 
corresponding to one and only one position in 
space, and which tell the observer where objects 
are relative to himself, whether they are near or 
far, to his right or left, or up or down, provided 
of course that the observer’s vision is-in this re 
spect normal. 
' The best authorities (as represented by Hering, 
Hofmann and Tschermak) agree that these rela 
tive directional'valuesassociated with the stimu 
lation of particular receptor processes in the two 
retinas are innate, that is, nativistic and not 
empirical, that is, they are not subject to being 
learned through experience or reinterpreted as 
the above-mentioned monocular clues. 

(B) Localization and form.-—If clues exist for 
assigning an absolute position to an object com 
prising more than two points relative to an ob 
server, these clues must‘ also provide a basis for 
assigning absolute size and form to its stimulus 
pattern. 
For evaluating the di?’erences between two 

stimulus patterns, the form of the individual pat 
terns must be known. That is, disparity of the 
monocular patterns, which is the basis for 
binocular assignment of localization, can be ef 
fective only because the relative directionalv 
values associated with every part of each ocular 
image are determinate, ‘as above pointed out. 
When the two eyes are'used together, there is 
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present knowledge both of the shape of each in 

' dividual stimulus pattern, and of their differences. 
These two types of information are interdepend 
ent. In our visual experience the form into 

‘ which'we interpret the stimulus patterns of par 
ticular shape depends upon the position where 
the stimulus patterns are interpreted as being 10 
calized in space and,‘ conversely, the positions in 
space allocated to these patterns depend upon 
their shape. 
These two types of information (namely, the 

form of each individual monocular stimulus pat 
tern determined by its directional values, and 
the binocular disparity of the stimulus patterns) 
give the basis‘not only for assigning an exact 
absolute localization to the binocular stimuli, 
but also for assigning an exact form to them. 
Again considering the relationship between 

localization and form in monocular'vision, it will 
be remembered that the "only determinate sub 
jective clues in monocular vision are the- direc 
tional values associated with particular receptor 
processes. These ‘give ‘information as to the 
components of the‘ stimulus ‘pattern and deter 
mine its ‘shape; They do not give information 
either for ‘assigning distance values to'the stimu 
lus pattern, or assigning form values to it. As 
also explainedgearlier, clues other than those 
that can be derived from the stimulus patterns 
themselves must be used in order to assign dis 
tance values or form values to it. These include 
so-called “perspective clues” which'are derived 
from a knowledge of the actual size and nature 
of the various parts of the stimulus’pattern; the 
“parallax clues” also play an'important role. 
When there are enough of these ‘types of- what 
might be called empirical 'clues, relatively exact 
directional and shape values can be assigned 
to a monocular stimulus pattern. ‘ ~ ‘ ' 

When the two'eyes are used in binocular vision 
the knowledge derived from the two stimulus 
patterns themselveaentirely ‘apart from the em 
pirical clues above mentioned, gives exact infor 
mation for assigning particular spatial location 
and form tothe'stimulus patterns. ‘ ' ' 

These concepts, which are very important for 
an understanding of ‘the present inventon, will 
be further clari?ed by the following explanation 
of an example with'reference to Figs, 6 and '1'. ' 

It may be assumed that one eyeELislooklng 
at a square ABCD (Fig. 6). The stimulus pat 
tern Sl will have the form'of a square A’, B’, 
C’, D’ and give‘ rise ‘in consciousness to a 

vsubjective image having directional values as 
determined by angles A N1 B, A N1~ _C, etc;" But - 
the knowledge of these angular ‘directional val 
ues of-the various pattern components-gives no 
information for assigning a particular distance 
to the object in the objective ?eld; the same 
subjective pattern could be'produced by other 
squares, as for example indicated in dotted lines. 
Nor does the stimulus pattern give information 
concerning the form of the object; the same sub 
jective image could; be produced by trapezoids 
as for example indicated in dot and dash lines. 
Some indication of localization and form would 
‘be provided by “perspective clues,” for example 
‘if it were known that the side AB is of the same 
length as the side CD. f ' i ' 

‘If both eyes are used'the stimulus pattern SI 
from the left eye EL would "be a'square; the 
pattern Sr from the ‘right eye ERa trapezoid, 

' as‘ indicatedin Fig.7; ‘The clues from the stim 
ulus patterns separately give no information for 
assigning distance or form to the object that 
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gave rise thereto; either ‘pattern alone might 
be interpreted for example as a trapezoid or a 
square. On the other hand, the clues from-the 
two stimulus patterns SI and Sr taken together 
furnish information for particular and unique 
directional and distance values and also for form 
values; the pattern disparities determine, the 
position of the object in the subjective image. 
As a result, both eyes individually and together 
see a square situated in the frontal plane at a 
distance of say 40 cm. . ' 

(C) Induced disparities.-—The inherent rela 
tionship between form and localization becomes 
especially apparent‘when anomalous changes in 
the disparity of the stimulus patterns are intro 
duced. ‘ , 

Small changes in the disparity have a very 
slight effect on the shape of the stimulus pat 
terns as a whole, but a marked effect on the posi 
tion in space in which the stimulus patterns will 
be localized as subjective pattern, and therefore 
have a marked effect on the shape values as 
signed to the stimulus patterns in the subjective 
pattern. This will be better understood from 
the following explanation referring to Figs. 8 
and 9. » 

It may be assumed that the eyes are looking 
at a square Q normal to the line of sight as 
"shown in front elevation in Fig. 8. -The dioptric 

vleft of’ image Sr of Fig. 9. 

images in both eyes will be substantially identi 
cal as indicated at $1 and Sr; The ?gure will 
appear in the position Ql (shown in top eleva 
tion in Fig. 8) and its form-will appear square 
as indicated at QA. Now suppose‘the size of 
\the-image’in the right eye is meridionally in 
creased say 3% by means of a size'lens to the 
size shown by ‘the dotted line to‘ the right and 

The object will ap 
pear-to have taken the position shown by Q2 
and its form will no longer appear as a square 
but as a trapezoid QA’ with one side much 
shorter than the other and with the top and 
bottom sides slanted. The relative directional 
'values of the various parts of 'the stimuli are 
such that the two sides of the ?gure subtend 
substantially the same relative angles and the 
queystion'arises how the square stimulus pattern 

' ' can be-interpreted as a ?gure in which the two 
sides appear to subtend unequal relative angles. 
Actually, the stimulus pattern’is interpreted to 

~represent a tipped object, and since a tipped 
trapezoid projects into a square pattern, we see 
a trapezoid form because the stimulus is square. 

This shows clearly that there is an inherent 
relationship between the form clues due to the 
innate relative directional values received from 
the'monocular patterns on the one hand and the 
disparity of the directional values from. thetwo 

‘ binocular vision patterns on theother hand and 
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that, in using the two eyes together, clues are 
received that are the basis for assigning not 
only particular localization in space to the stim 
ulus pattern, but also particular form. -, 
The effect on space perception of. pattern dis 

parity will- become quite clear from the follow 
ing discussion of certain typical situations. - 

(l) Cyclo disparity.—This type of disparity ex 
‘ists if the two ocular images of a- given meridian 
of the objective ?eld are inclined.‘ vFl‘his relative 
inclination of pattern meridians corresponding to 
a single objective ?eld meridan is called declina 
tion; if ‘the upperends of the pattern meridians 

1 are tipped templeward, the condition is called dis 
75 clination or incyclo disparity, and if these upper 
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ends are tipped nasalward, the condition is called 
conclination or excyclo disparity. 
The ocular images of a line in the median plane 

and normal to the direction of gaze will not have 
cyclo disparity. If such a line is rotated within 
the median plane its patterns will assume an 
excyclo disparity if the upper end is nearer to the 
eyes than the lower, and an incyclo disparity if 
the lower end is nearer; these disparities decrease 
with the line moving away from the eyes and dis 
appear if the line is at in?nite distance. Also, 
the cyclo disparity of the two images will change 
with varying inclination of the line kept at the 
same distance from the eyes; the more the upper 
or lower end, respectively, tips towards the eyes, 
the more will the excyclo or incyclo disparity, re 
spectively, increase. Consequently, a horizontal 
or vertical line in the median plane and respec 
tively above or below the eye level will cause ex 
cyclo disparity, and similarly located vertical and 
horizontal lines incyclo disparity; compare Fig. 
10 which clearily indicates these conditions. 

It will not be evident that increasing excyclo 
disparity of the patterns of line la (Fig. 10), for 
example, may be interpreted either as a moving 
closer to the eye of the line in the objective ?eld, 
or a tilting down of the near end, and that cor 
responding relations exist between the other po 
sitions and the pattern disparity of the line in 
these positions. Vertical or horizontal planes 
through lines in the above positions follow the 
same rules. 

If, instead of moving the line or plane, the 
cyclo disparity is arti?cially changed (for exam 
ple with glasses according to Patent No. 2,230,993 
of February 11, 1941), or if it is physiologically 
defective, the subjective image will be affected as 
if the objective ?eld had undergone a certain 
dislocation. Considering, for example, two hori 
zontal planes pa and pb (Fig. 10) above and below 
eye level, respectively (ceiling and floor of a 
room), introduction of an excyclo disparity will 
either apparently lower both planes relatively to 
the observer (or lift the latter’s station point) 
or tip the planes, with the near edge of the upper 
or lower plane turning downwardly or upwardly, 
respectively. Whether the apparent dislocation 
is a parallel shift or a rotation depends on the 
relation of cortex patterns and memory values, 
respectively. For example, strong perspective 
clues may .be ineffective if shaped as described 
with reference to Fig. 6; an objective ?eld with 
few perspective clues (for example, a meadow) 
may appear tipped, whereas, for example, the 
?oor of a conventional room or of a water surface 
with waves will not appear tipped but lowered or 
raised because the memory values of a ?oor or a 
water surface strongly oppose any tilting which 
would not conform to experience. 

(2) Asymmetric disparity.—Referring to Fig. 
11, it will be evident that points at equal dis 
tances in a frontal plane will not be imaged at 
equal distances, but that a certain asymmetric 
pattern disparity (known as the previously men 
tioned Hering-Hillebrand variation) will be in 
troduced. This disparity changes with changing 
object distances as well as with tilting about ver 
tical axes, compare the series of points sl, s2 and 
s3 of Fig. 11; it conforms to the prismatic dis 
tortion at length discussed in my Patent No. 
2,118,132. Arti?cial introduction of such dis 
parity, for example with lenses according to the 
above patent, brings the objects closer and makes 
them appear smaller, the latter on the principle 
that of two objects subtending the same angle 
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at the eye, the farther object will be interpreted 
as larger, and vice versa. ~ 

(3) Size disparity-Disparity of the two pat 
terns of an object ?eld in the horizontal direc 
tion may be interpreted as tipping (I in Fig. 12) , 
as sidewise displacement (II'in Fig. 12), or as an 
unsymmetrical in and out displacement (III in 
Fig. 12), or combinations of these positions, 
depending on the in?uence of the other factors 
aifecting the subjective pattern. 

Disparity of the two patterns in the vertical 
direction and, generally speaking, an overall dis 
parity, may be interpreted (Fig. 13) as displace 
ment unsymmetrically to the median plane. , 

Arti?cially introduced size disparity will change 
the subjective pattern, as compared to its ob 
jective ?eld, in conformity with the above rela 
tions. Such disparities can be introduced by 
means of glasses described in my Patent No. 
1,933,578. I 

(D) Shift of station point.—-When arti?cial 
differences between the two ocular images are 
introduced by size lenses, such as above pointed 
out, namely, (1) changing the cycle relationship; 
(2) changing the asymmetric disparity; and (3) 
increasing one image horizontally or vertically 
or overall, characteristic apparent relative shifts 
of objects to the observer result due to the par 
ticular kind of disparity introduced. 
For example, if an observer is looking at asquare 

AB normal to his line of sight as shown in Fig. 
14, and the image of the right eye is increased 
in the horizontal meridian by means of a lens 
LMI-I, the resulting disparity clues cause the 
square to appear in a plane tipped relative to the 
observer, as shown by A’ B’. The apparent in 
clination of this new plane is determined by the 
intersection of the new directional values intro 
duced in the right eye by the lens, with the cor 
responding directional values of the left eye. 
When the apparent relative inclination of the 

square AB to the observer’s station point S’ (Fig. 
14) changes, the apparent form of the square 
must also change. Its new subjective image is 
given by the projection of the square from the 
observer’s station point S’ on the plane A’ B’. 
It is trapezoid as shown, which change illustrates 
the previously mentioned inherent relationship 
between the apparent localization and apparent 
form. 

Recapitulating, if there is an object of a given 
form with the points which de?ne the surfaces 
of the object in particular directions from the 
eyes and the disparity between the two patterns 
or ocular images is changed, the surfaces of the 
object will appear shifted to new positions and 
the form in the subjective image of the object 
will be determined by the projection of the object 
de?ning points on the newly positioned surfaces 
or, in other words, if the relation between the 
station point and the new apparent position of 
an object resulting from changed disparity is 
known, the new subjective image of the object 
can be determined by projecting from the station 
point the points of the objective ?eld on the sur 
faces in their new apparent position. ‘ 
This new subjective pattern can be obtained 

either by considering the station point as re 
maining fixed and considering the object to have 
shifted relatively thereto, as shown in Fig. 14, 
or by considering the position of the object sur 
faces to have remained ?xed and the station 
point to have shifted relatively to it. This latter 
case is shown in Fig. 15. 
The object AB remains in its original plane, 



namely,‘ the frontal plane of the observer. ‘ The 
I station pointofthe observer is‘keptinthesa'me 
‘relative position to the‘plane‘wA' B's‘ by shifting 

" it‘ from S1 to, S2, the angle A’ CS2 (Fig, 15)7're 
maining the samepas the angle A’ C S’ in-Fig. 15. 
The apparent new form (subjective image form) 
is given, as above described, by projecting‘ the 
angles subtended by the object at the original 
station vpoint SP (angles a and b) from the new 
station point S2 (a’=a and b'=b)' on the plane 
of the object AB. The new‘form is given by A’ B’. 
Itshould be noted'that the plane of AB has 

‘ to be extended. ‘ 
This phenomenon'can therefore be stated as 

' follows:v The‘apparently changed form of an ob 
ject: associated with an apparent change in the 

“position of the station point to‘ the objective ?eld, 
resulting from introducing abnormal differences 

‘ in the disparity of the ocular images, is given by 
_ projecting the angles subtended by the object at , 
‘the original station point from the new station 
point on'the surfaces or planes of the original ob 
‘ject as extended if necessary. 

It should further be noted that in the above 
>7 example not only does the station point shift 
to the left but also that the direction of the 
“median plane from'the new stationv point has 
tipped to the right so that it intersects the origi 
nal median plane at the center of the object. 
In general when enclosed spaces are observed 

instead of isolated objects, this tipping of the 
median plane does not take place. But otherwise 
the laws for determining localization and form 
of separate objects hold, as will now be explained 
by way of example with reference to Fig. 16. In 
this ?gure, the enclosed space CABD is observed 
from S1 with a size lens LMH that shifts the sta 
tion point to S2. The surfaces and planes of the 
original object CABD as de?ned by the angles 
a, b and c, are projected with the same angles 
from the new station point S2 on the surfaces or 
planes, actual or extended, of the original ?gure, 

. and furnish the apparent (subjective image) 
form C A’ B’ D. 
As mentioned above, in this case of an enclosed 

space the direction of the median plane from the 
new station point S2 remains parallel to that at 
the original station point S1. Functionally this 
means that the planes and surfaces of an enclosed 
space determine and ?x our subjective median 
plane while isolated, objects do not. 
With lenses that shift the station point up and 

down by introducing cyclo disparity, the same 
construction holds, as it does with lenses that shift 
the station point forward and back by introduc 
ing asymmetric disparity. The latter shift is 
illustrated in Fig. 17, which, it is believed, needs 
no’ detailed description in view of the above ex 
planations. 
The diagrams in Figs. 14 and 15 explain why, 

when a person with extended arms is observed 
with a size lens that increases the image in the 
horizontal meridian of the right eye, the right 
arm of the person appears longer than the left. 
This phenomenon is experienced only with ob 
jects which give visual clues, other than ‘disparity 
clues, that prevent the object from appearing 
tipped; as explained with reference to 12, this 
type of disparity could be satisfied by an object to 
the right of the median plane. 

If the objective ?eld or a particular component 
thereof has a con?guration which, in view of its 
memory values, causes domination of pattern 
disparity clues by pattern form‘ clues, the above 

" F’de'scribe'd shi'ft‘will not occur.‘ ‘If the‘objebt ?eld 
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'consists of two types of objects, one open to re 
interpretation'due to changed ‘pattern '(ocular 

‘ image) disparity and the other not, thecompo 
‘nentof the ?rst ‘type ‘may in‘ the subjective pat 
tern appear‘shifted,‘ and that of the second type 
not." For example, when looking at a cube with 

' two arms attached to it, with a lens increasing 
" the horizontal size before one eye, the subjective 

10 
image of the'cube will not be affected whereas the 
arms will‘ change their apparent localization and 

‘- form-in a manner depending on the various con 
tributing factors'vof ‘spatial interpretation. 
That the above discussed apparent shift of the 

station‘ point actually occurs is'evidenced by the 
universal lex'perience'with the ‘various types .of 
anomalous disparity as introduced by lenses in 
environments ~where form values are not so domi 

‘ nant that theydetermine the localization of the 
* objects. 

35 

er’s' station point up or down. 

Recapitulating, under normal environmental 
conditions (1) lenses that introduce an anoma 
lous excyclo disparity cause the observer to have 
the experience that he is farther away from the 
ground~orfloor and nearer a ceiling. With lenses 
thatiintroduce incyclo disparity he experiences 
being nearer the ground or floor and farther from 
a ceiling. That is, such lenses shift the observ 

(2) With lenses 
that introduce an asymmetric disaprity the ob 
server'experiences to be nearer or farther from 
objects. (3) With lenses that increase the hori 
zontal meridian of one eye the observer- expe 
riences a lateral shift of his position to the right 
orleft, asfor instance in a hallway or on a road. 
With lenses that increase the vertical meridian 
of one eye, the observer experiences a lateral 

' shift to the right or left or a backward or for 
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ward shift. 
For the most dramatic demonstrations of such 

apparent shifts of station point, a room of a type 
which will be described more in detail herein 
after, with rough irregular patterns, such as 
leaves, on the wall and floor and ceiling should 
be used. With such a room the experienced shift 
of station point and the altered appearance of 

' the shapes‘and positions of the walls and ceiling 
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and floor are all such as would be demanded for 
a given-shift of station point while still retain 
ing the directional values of the original-station 

50 point. 
That this is the correct explanation of the 

vvisual'experience can be checked by designing 
distorted rooms of such form that, at the assumed 
new station point, the surfaces subtend the same 
angular direction which they subtended at the old 
station point.- Such distorted rooms reproduce 
the appearances experienced when looking at a 
rectilinear room with the particular disparities 
that produced the assumed shifts of station point. 
Referring for example toFig. 16, ABCD would 
be the plan of a rectangular room which, when 
looked at from S1, say with a lens that increases 
the right image in the horizontal meridian by 
4%; appears as shown by A’ B’ CD seen from 
S2. If a room of shape A’ B’ C D is built (Figs. 

V‘ 3 and 4 show such a room) and viewed from S2 
without glasses, it of course appears distorted. 

‘ 'But if aglass of 4% is put on the left eye‘it ap 

70 pears like the rectilinear room ABCD. The ex 
planation is that the lens on the left eye shifts 
the station point as controlled by disparity clues 
over to S1 and as the directional (pattern form) 
'values from ‘S2 are those that are experienced in 

78 a rectilinear room;-the total ‘experience is that 



.ing the same. 
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the observer is looking at a rectilinearroom 
from S1. -' ' 

Similar experiences result with rooms similarly 
constructed for shifting the station point up or 
down and forward and back. ‘ 
Models of the above-described type can be 

supplemented, especially for demonstration pur 
poses, with objects which emphasize the signi? 
cance of these phenomena. For example, a dis 
torted room 250 (Fig. 18) with slanting ?oor 25l 
may be equipped with a slightly inclined chute 
252 arranged near the floor for conveying balls 
253 from one side wall 254 to the other side wall 
255. If the room is observed with spectacles of 
the above discussed type, which tilt the floor 
vinto horizontal position 25l' conventionally as 
sociated with ?oors, the chute will appear slanted 
as indicated at 252’ with the ballsrolling on it 
rather steeply uphill. Or, a ball may be hung 
on a string from the ceiling and caused to rotate 
in a circular path. This ball can be made to 
appear as moving along a titlted ellipse at vary 
ing speed and with varying size and shape. The 
reasons which underlie these phenomena‘ can’ be 
mathematically derived, but it is believed to be 
unnecessary for purposes of explaining the pres 
ent invention to relate such quantitative de 
ductions. 
The whole phenomenon is similar to the shift 

of station point resulting from looking intora 
mirror, but with the following basic diiference: 
Mirrors which shift one’s station point by the 
well known laws of projection, change both the 
form clues and the disparity clues that reach the 
eyes. Anomalous changes (as with size lenses) 
in the congruity of the ocular images change 
only the disparity clues, the form clues remain 

If the disparity clues are strong 
as compared to the form clues, there is an un 
equivocal shift of station point. If the relative 
strength is of the same order, there will be a 
con?ict, and there may or may not be a shift. 
If the form clues are dominant they will control 
and the disparity clues will be suppressed. 

,(IV) Signi?cance of pattern form and disparity 
It will now be evident that visual space per 

ception is effected by various factors, two of 
which are especially important and (although in 
character essentially different) interdependent 
in the formation of the subjective image, namely, 
on the one hand the form of each individual 
monocular pattern or ocular image as determined 
by its directional values, and on the other hand 
the binocular disparity of the patterns or ocular 
images of the two eyes, respectively. These will 
herein be referred to for short as “pattern form” 
or “monocular factor” and “pattern disparity” or 
“binocular factor.” In the average visual en 
vironment, both factors are available, con?rm 
each other, and are fully operative. Under cer 
tain peculiar conditions (determined by visual 
environment, visual anomalies, habits of visual 
response, arti?cially affected stimulus patterns) 
either pattern form clues or pattern disparity 
clues may dominate even to the extent of com 
plete suppression of the other, depending on the 
weight and consistency of the clues of the re 
spective types. 
_The correlation of these two main factors of 

visual space perception can be variously affected. 
Changes in the objective field may affect the 

respective clues to different degrees regarding 
their in?uence upon space perception. Such 
changes can be brought about by mechanical re 
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" path from objective ?eld to retina. 

9 
arrangement of environment or movements of 
the observer-within the environment or, if the 
objective ?eld is represented by a reproduction 
of actual environment (for example by stereo 
motion picture projection) by mechanical or op 
tical changes at some step of the process of arti 
?cial reproduction of environment. 
The correlation of these two factors may fur 

ther be changed during transmission of the light 
from objective ?eld to retina, for example by 
lenses before the eyes or physiological or patho 
logical effects within the eyes. 

Finally, physiological or psychological factors 
may affect one or the other factor of space per 
ception on the transmission path from dioptric 
to subjective image. 

It should be noted that many changes in the 
objective ?eld have their counterpart in in?u 
ences effective during the transition from objec 
tive ?eld to subjective image; in other words, 
such phenomena are, generally speaking, rever 
sible, compensatable and reproducible in differ 
ent regions of the complex comprising object, re 
ception mechanisms and consciousness. ' 
Abnormal correlation of the two main factors 

or phases of visual space perception is of material 
importance to the individual. It affects his con 
ception of his spatial relation to his environment 
which in certain professions (as for example 
aeronautics) is vital, but of more or less impor 
tance in any'walk of life if it causes differences 
between subjective pattern and objective ?eld 
which can not be easily compensated. Also, the 
effort of compensating for such differences, or 
the inability to do so may be the cause of serious 
discomfort or even illness. 

Evidently, the interrelation of the monocular 
and binocular space perception factors can be 
affected by varying one or the other or both, or 
by entirely eliminating one or the other. Pat 
tern form clues depend primarily upon the ob 
jective ?eld whereas spatial localization due to 
pattern disparity clues can be readily in?uenced 
by controlling this ‘disparity along the optical 

Since 
changes in pattern disparity originating else 
where have effects wholly analogous to those 
brought about by the above control, the latter 
will be discussed more in detail, which will per 
mit easier and shorter explanation of other con 
trols. This pattern disparity control is accom 
plished by inserting in that optical path lens ele 
ments suitable for controlling the relation of the 
patterns on which binocular space perception is 

* based. _ 

The main types of pattern disparity have been 
discussed above,‘ and the types of optical lenses 
suitable for changing such‘ disparity have also 
been mentioned. Recapitulating, (1) cycle dis 
parity can be controlled by means of meridional 
size glasses arranged before the eyes with in 
clined axes, of the type described in Patent No. 
2,230,993; (2) asymmetric disparity can be con 
trolled by means of prismatic glasses of the type 
described in my Patent No. 2,118,132; and (3) size 
disparity, either overall or meridional, can be 
controlled by glasses of the type described in my 
Patent No. 1,933,578. 

(V) Demonstrating'and testing method and - 
apparatus 

The above forms the theoretical basis for vari 
ous practical embodiments of the present inven 
tion which deals generically with the control of 
the relation of pattern form and disparity, re 



=spectively, as ‘ affecting space. perception, .- and with 
"the control of pattern disparity‘and rpatternform 
asaffectingthat relation. One such embodiment 
:is the demonstration of the formation ‘of :a sub 
jective image, its similarity or dissimilarity to 
the objective ?eld, and its dependency upon v'pat 
tern form and disparity, respectively, and the 
latter’s interrelation. Other embodiments are 
tests for visual anomalies based on the control 
of especially selected patterns, and tests for the 
character of the factors controlling the visual 
perception of a given individual, their suppres 
sion or “dominance. Afurtherembodiment is a 
'method of orthoptics providing fusion exercises 
through observation of three-dimensional object 
?elds controlled according to the above principles 
governing space perception. Still another em— 
.bodiment is the reproduction of peculiarities of 
the subjectiveimage as caused by normal or ab— 
normal-physiological functionswhichare part of . 
.one’s visual consciousness. 

Apparatus will now be described which lends 
itself to carrying out certain basic steps of the 
method according to the invention, and various 
embodiments of this method itself will then be 
explained. 

.In-Fi'gs. l9 and 20, a cabinet I of suitable di 
mensions (about 10' x 10' x lo’ wasfound prac 
tical) may either be a‘room proper or a compart 
ment built into a room. Walls 2,3, 4, ceiling 5, 
and ?oor'6 vare provided withtarget boards l 2, it, 
l4, l5 and t6, ‘respectively, for example of the 
type to be described hereinafter more in detail. 
These targets-may consist of rotatably supported 
?at- boards, the boards having contours and sur 
face texture substantially eliminating pattern 
form clues; for example, the contours may be 
trapezial and the surface may be covered with 
leaves of irregular shape or with balls, as will be 
described With'reference to Figs. 32 to 36. 

If desired the target boards may be arranged 
for shifting by mounting them on platforms or 
carriages“ supported with rollers 40a on tracks 
6 or (in and controlled by ropes or similar means 
401). It will be understood that target carriages 
of this type can be arranged for adjustment in 
either direction of the plane of a wall, floor, or 
ceiling to which the target is fastened. 
Arrangements for, further adjustment of cer 

tain or all targets may be provided as for ex- ’ 
ample indicated in Fig. 21. In this ?gure, 2! 
is the target, 22 a four-legged support for a ball 
and socket joint, 23 and 24 are wires fastened 
to extension 25 of ball 26 and determining the 
position of board 2| and leading to a control de 
vice located near the person to be tested, or the 
clinician, as for example explained ‘with reference 
to Figs. 11 and 12 of the above Patent .No. 
2,168,308. To the upper side of ball 26 is fastened 
a gear box 21 containing a small electromotor 28 
with leads 29 and worm 36, a worm wheel 3! 
meshing with worm 30 journaled insleeve 32 
fastened to housing 2‘! and forming a nut for a 
threaded and splined spindle 313 ?xed to target 
xplate 2|. 
planation that bymeans of a conveniently located 
push button control, plate 2! can beaxially ad 
justed by means of motor 26 turning gear wheel 
3| in either sense which will move spindle 33 with 
the‘plate in either ‘direction, and that by means 
of ropes or wires 23, 24 the plate can be tilted 
about any axis through ‘the ‘center of the ball and 
.socket joint. 

The patient may be placed on a seat 8, running 
on wheels 9 and being adjustable as to. height as 

It will be evident without detailed ex- -.‘ 
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indicated at It, so that the .relativelocation :of 
test device and patient can be de?nitelyrand re 
producibly determined. More elaborate devices 
'for that purpose, as clinical chairs running ~.on 
tracks and provided with head rests locating 
eyes ER and EL (compare also Fig. 12 of Patent 
.No. 2,168,308) may be used if particular exacti 
.tude is desired. Simple tests can be carried» out 
with the patient standing on floor 6. 
Thecubicle walls 2>to 6 may have‘ curved cor 

ners- and vbe painted a ' dull black ‘or they may 
prominently display pattern form (perspective) 
clues; the targets 12 to l6 are illuminated in such 
a manner that only they are plainly visible where 
'as the light source is hidden. For example, lamps 
.35 may be suspended over and somewhat back 
of the patient, ‘andrhave optical meansproviding 
suitably diffused light striking ‘the targets only. 
Or, the targets may be translucent and illumi 
nated by lamps arranged 'therebehind. The back 
ground can be illuminated by lamps 36 behind 
the target plates. The lamps can be provided 
:with dimmers, and it ‘will be evident that by suit 
able control of lampsi35 and 36, respectively, the 
pattern form "can be rendered more or less domi 
nating'or effectively eliminated. ‘If this device 
.is used .for testing vision with pattern disparity 
clues only, the chamber wall can be painted‘black 
as mentioned above, and lamps 36 omitted. 

I1‘ ‘it is desired to vary the outline of a test 
object surface, forexamplein order to introduce 
or eliminate pattern form .clues, an arrangement 
according to Figs. 22 to 24 can be'used. 
In Figs. ‘22 and 23, base 22, tilting arrangement 

24, 25, 26 and shifting'device 21 are similar to 
those shown in Fig. 21. Fastened to box 21 is, 
instead of the object table 2| proper, abase plate 
v20!. Fastened to plate '20! ‘are two sleeves 202, 
203 guiding two rods 205, 206 with toothed rack 
portions'?l'l, 268. 'Fastened to the ends-oi these 
rods by means of fork and pin or other suitable 
joints are 'four telescopic frame members 2i I, 2 I 2, 
213, 2M. Journaled :in base plate 20I are-two 
pinions 2i 8, 2l9 meshing with rack portions'Zll‘l, 

‘ 208 and fastened to the cores 22I, 222 of ?exible 
"shafts 223, 224. The other ends of cores 2'2i, 222 
are fastened~tohand wheels, one of which is in 
“dicated at 23 l ,‘ and which are mounted on' a-stand 
232. 
As indicated in Fig. 23, the ?exible shaft con 

trols are preferably led through'trenches or con 
duits 235, together with tilting control ropes 24 
‘and electric leads 29 for the shifting device. 
Frame members 2| l’to 2M ‘are covered with an 

elasticsheet 240,-for example of rubber, and cov 
ered with irregular objects 2“ inducing pattern 
‘disparity but having practically no e?ective pat 
tern form. As shown in ‘Fig. 24, the sheet 2411 
covers and hides the control‘ mechanism there 
beneath; this ?gure also indicates that instead ‘of 
two control rods 205, 2?6,'four such rods can be 
used, as indicated at 245, 246. 
The testing table according to Figs. 22 and '23 

can be used by itself against ‘an indifferent ‘back 
ground or a background with'pattern form or'dis 
parity (or both) clues, .or in a testing ?eld ac 
cording to Figs. 19and 20. 
With the aid of test objects of this type, en 

closed spaces of any desired shape, distorted or 
rectangular, can be builtup and the pattern form 
clues gradually changed and-entirely eliminated. 

If it is desired to use pattern form clues to 
gether with less dominant pattern disparity clues, 
the arrangement shown in Figs. 25 and 26 can 
be used. In these ?gures-4i is a cubicle, of dimen 
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sions similar to those of chamber I (Figs. 19 and 
20) but having cut-out portions or windows 4| to 
46, behind which are arranged tilting targets 5| 
to 56, supported similar to those shown in Figs. 19 
and 20 but shaped and dimensioned so that the 
contours are not visible through the windows. 
It will be evident that the targets can easily be 
illuminated by invisible lamps, for example as 
indicated at 36 of Fig. 20. The contours of the 
targets are invisible and hence of no particular 
concern; cubicle 4! may or may not be provided 
with perspective pattern form clues. Pattern 
form can be substantially eliminated by making 
the cut-outs with irregular shapes similar to 
those of the targets of Figs. 19 and 20. 

Instead of arranging masking frames and tar 
gets comparatively close to each other, a mask 
hood can be provided surrounding the patient’s 
head on ?ve sides. An embodiment of this type 
will be especially suitable for use with devices 
rigidly controlling the position of the patient’s 
head. for example in the manner shown in Fig. 
27. In this ?gure. Bil is a conventional head sup~ 
port, as for example shown in the above patent. 
mounted on a stand 6| which also carries trial 
lens holder 62 and aligning sights 63. In addi 
tion, a hood 54 is provided, consisting of a box 
shaped mask body 65 adjustably mounted on 
stand 6! and having ?ve cut-outs indicated at 
‘l2, ‘l5. 15. Behind these out-outs are test tar 
gets indicated at 32, 83, 85, 86, corresponding 
to those shown in Figs. 20 and 26. It will be evi 
dent that the contours of the targets are hidden 
from the observer, and that the targets can 
be arranged for individual adjustment by the 
patient or by the clinician, for example by means 
of arrangements similar to Figs. 21 to 24. Flood 
lights for the targets, invisible to the patient. 
can be mounted on the hood, as indicated at ‘it 
and 19 of Fig. 27. 
In some instances it is desirable to combine 

pattern form and pattern disparity-clues by di 
rect superimposition and to adjust their mutual 
dominancy or accentuation; for that purpose tar 
get tables. as for example shown in Fig, 28, may i 
be used. In Fig. 28 target plate 21, mounted for 
example as shown in Fig. 21, has screwed there 
to distancing pieces 8'! carrying a frame 88 sur 
rounding the plate. Stretched over this frame 
is a piece of gauze B9 to which a suitable per 
spective pattern is applied for example by paint 
ing. Lamps, one of which is indicated at 90, are 
mounted on frame 88 and directed and masked 
in such a manner that they illuminate only the 
pattern disparity surface of plate 2!, but not _-. 
any side or part of the gauze. Plates of this type 
can be used for example in test devices according 
to Fig. 26 with walls 42 to 45 carrying a perspec 
tive suppressing pattern and cut-outs of irregu 
lar shape. The only pattern form clue will then 
be that painted on gauze panels 39 and that clue 
can be made to disappear by extinguishing all 
lamps with the exception of those corresponding 
to 90 of Fig. 28. On the other hand, by turning 
off lamps 99 and illuminating the front faces of 
gauze panels 89, the perspective pattern form is 
rendered visible and the pattern disparity object 
on plate 2| disappears. Intermediate conditions 
can of course be obtained and gradually or sud 
denly changed to one or the other extreme; in 
this manner the interrelation of directly super 
imposed pattern form and disparity clues, re 
spectively, can be detected, examined and ob 
jective fields of selected types simulated. It will 
be evident without further explanation that plate 
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2| and gauze frame 88 can be arranged for sepa 
rates independent adjustment, which arrange 
ment o?ers further possibilities of interrelating 
the two phases of visual space perception. 
The above-described embodiments permit me 

chanical as well as optical control of the ob 
jective ?eld of the patient; optical control is pro 
vided by means of lens systems before the pa 
tient’s eyes, inserted in trial frames or in lens 
holders such as described with reference to Fig. 
2'7. 
A further set-up for my new test is schemati 

cally indicated in Fig. 29, where ER and EL are 
the two eyes of a patient, and WH and WV two 
series, respectively, of threads, wires or similar 
elements, arranged in the median and horizon 
tal Visual planes of the patient. A mask I00 be 
fore the patient’s eyes hides the ends of elements 
WH and WV, which can therefore‘be suitably 
fastened to frames or similar mounting means, 
not shown because unessential. A test target of 
this type presents to the'respective eyes objects 
practically without pattern form clues essentially 
equivalent to the Vertical targets l2 and. M of 
Fig. 19, whereas the horizontal element series 
WH provides a standard comparison object. 
For purposes of demonstration and of qualita 

tive and simple quantitative tests, arrangements 
simulating conventional environment and dis 
pensing with mechanical adjustments but em 
phasizing characteristics which give rise to one 
or the other factor of space perception are used 
to advantage. » 

Figs. 39 and 31 illustrate an arrangement pref- V 
erably of the size of a small cubical room with 
walls 92 to 96 preferably with rounded corners 
and throughout covered with three-dimensional 
.irfacing material inducing predominantly pat 

tern disparity, as for example grass rugs, foliage 
or irregularly distributed balls. An observer may 
be placed relatively to the device by means of 
head positioning devices indicated at 30, 62, or in 
any other way caused to view the device only 
and not any environment inducing undesired fac 
tor of space perception. 

An. observer having normal vision and being 
equipped with spectacles of the above-enumer 
ated types will observe distortions also indicated 
above with reference to Figs. 9 to 18. Persons 
who rely for space perception mainly on pattern 
form will not observe these distortions, or not 
all of them, or only to a certain degree; persons 
with certain. visual defects (aniseikonia) will ob 
serve these distortions without the above glasses, 
even if they would not normally do so, because 
these apparent distortions are in everyday life 
usually suppressed by the dominating pattern 
forms. - 

These demonstrations or tests can be supple 
mented by introducing into such a room—from 
which pattern form clues have been substantially 
eliminated—objects which emphasize, demon 
strate or more exactly indicate the eiTect's of 
abnormal or arti?cially adjusted pattern dis 
parity. For example, objects without perspective 
characteristics, as for example a ball or an ir 
regular bush, will or will not be apparently dis 
torted in various ways, depending on their loca 
tion within the test room and on the visual de 
fect of the observer or the disparity changing 
glasses he is wearing. The above-mentioned 
chute with ball and suspended ball belong in this 
category. Disassociation of visual space per 
ception and other types of space perception, as 
derived fromgravitational or kinesthetic clues. 
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can:-be.demonstrated bywinducing- the observer‘ to 
move objects '(for example a card on‘a stick) 
within the; room, ‘which will clearly bring out 
discrepancies between :pattern' form and pattern 
disparity. 

For reasons explained hereinabove, these tests 
can also be reversed; for example, a distorted 
room shown to a person wearing a certain type of 
pattern disparity changing glasses will assume 
the conventional cubical shape if the effect of 
these glasses is opposite to that of glasses which 
‘would distort a‘rectangu'lar room into the actual 
shape of the distorted room. 
With simple non-adjustable set-ups analogous 

to that'shown in Figs. 30 and 31 it is possible to 
demonstrate the relation between space percep 
tion based on-pattern form clues and that based 
von pattern disparity clues, as follows: I 

If such test objects are shaped as indicated 
.in'Figs. 3, 4, 16 and 17, they become especially . 
suitable for demonstrating the above-described 
shifting of the ‘station point. 

Instead of ‘simplifying a testing device accord 
ing toF-igs. 19 to‘ 28 by using ?xed surfaces, only 
a single 'movable table or plane can be used. . 
Such a device'is especially suited for showing 
the mutual in?uence of pattern form clues and 
pattern disparity clues and the suppression 
varying-with different individuals—of one by the 
other. 

In-Figs. 32 and 33, a base IDI supports a col 
umn I02 to which is rotatably fastened a target 
board I03. Board I03 may be provided with a 
socket IO'I'and the column with a ball I08 con 
stituting a ball and socket joint around which - - 
the ‘target may be rotated relatively to the base. 
‘The friction is so adjusted that the target can 
be easily moved by hand, but will remain in any 
desired position. The usual rough-surfaced 
composition building board was found to be a - 
satisfactory material for the target. 

Table I03 has beveled sides so that only a 
single edge appears to the observer of the top 
surface; this provision eliminates the pattern 
form clues which might be furnished by two 
parallel outlines of the table. Those outlines 
themselves are irregular for the same purpose; 
the tables may 'be-trapezial as shown in Figs. 34 
and 35, or of irregularly curved shape as shown 
in Fig. 33. 
Fastened to the upper surface of the table are 

three-dimensional objects essentially without 
pattern form clues, as for example balls III or 
irregular objects as shavings or leaves. ‘These 
three-dimensional objects are irregularly dis 
tributed as indicated in Figs. 34 and 35, so that 
their subjective pattern has pattern disparity but 
no pattern form clues. 
Asan object for comparison representingr the 

gravitational ?eld, auxiliary targets may be pro 
vided. Figs. '34 and 35 show for that purpose 
a plumb bob II5 suspended ‘from arm IIB of 
stand II‘I 'fastened-to base I; Figs. 32 and 33 
show-a vertical rod IISJfastened to ball I08 and 
extending ‘ through socket I 01. 
Further pattern‘formclues may be superim 

posed on the pattern-disparity clues represented 
by'the tableyfor‘example in the shape of a box 
I2I (Figs. 32 and 33) or any other object fur 
nishing more or less pronounced pattern form 
‘clues. 

In order to determine the position in space of 
the table or pattern ‘disparity target, scale means 
‘may be provided, for example a semi-spherical 
*bowl I3I (Fig. 36) oftransparent material, for 
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example Celluloid, and having a three-dimen 

This scale is screwed to 
the target and contains a heavy object I33,.for 
example a bearing ball. This object will tendto 
assume the deepest position,‘thereby indicating 
angular movements of target I03. 

It will be evident that, with arrangements of 
this type, it becomes possible to vary the weight 
of pattern form clues in contradistinction, to de 
vices according to Figs. 30 and 31 which sub 
stantially eliminate pattern form clues. 
The small box I2! superimposed on table I03 is 

dominated by the latter, due to relative size as 
well as position. Hence, if a discrepancy be 
tween objective ?eld and subjective image is 
present-either pathological, or arti?cially intro 
duced—the small box will follow that discrep 
ancy, that is, its surfaces will appear tilted; 
since its pattern form will not agree with the 
pattern disparity it will appear distorted, the 
subjective image following the dominatingpat 
tern disparity clues of the table. The weight, as 
to pattern form or disparity, respectively, of any 
one of two or more objects can be made to vary 
so that the relative dominance can be con 
trolled and regulated at will; in this manner the 
characteristics of visual space perception of a 
person can be demonstrated and investigated. 

I found that individual test tables or ?elds of 
the type indicated in Figs. 32 to 36 are especially 
useful for demonstrating the e?ect of pattern 
disparity on the interpretation of the position of 
surfaces, where it is not necessary to make the 
exact measurements. 

It will be evident that by controlling such de 
vices as above described, either pattern form or 
pattern disparity clues of an objective ?eld, both 
of a type simulating natural environment, can 
be made to disappear suddenly or gradually, with 
the pattern of the other type either absent or 
coexistent to any desired dominancy. 
In the above-described embodiments, the test 

objects are actual three-dimensional bodies. It 
is, however, also feasible, and in some instances 
preferable, to use instead, for demonstration as 
well as testing, an objective ?eld in the form of 
two-dimensional images stereoscopically corre 
lated and di?erentiated for the respective eyes 
by suitable means, for example with the aid of 
light polarized in different planes. An embodi 
ment of this type will now be described with ref 
erence to Figs. 37 to 39. 
In Fig. 37 a translucent screen I48 is mounted 

between a positioning device I45 for the patient 
with eyes ER and EL, respectively, and a pro 
jector arrangement I50. Two sets of projectors 
Hill and I5Ir, and I521 and I521‘, respectively, 
are provided with slides I531, I531‘ and I54Z and 
I54r (Figs. 38 and 39) supporting records I56Z, 
I537 and I5'IZ, I511", respectively. 
These records are stereoscopically related, 

that is, they represent records of an object as 
seen with the right and left eye, respectively. 
Polarizing devices, for example the polarizing 
sheets now available under the trade names “Po 
laroid” or “Herotar” are placed, with crossed 
axes, before the respective projectors, as indicat 
ed at I6! and I82. Corresponding polarizers I63 
and I65 are placed before the patient’s eyes. 
Records I56 represent objects predominantly in 
ducing space perception through pattern dispar 
ity, whereas records I5‘! represent objects essen 
tially inducing space perception through pattern 
form. 

It will be evident that—providing the polariz 








